Olfactory identification abilities in adolescents have been reported inferior compared with adults. Though this seems to be the case when comparing identification abilities using tests validated onand for-adults, odor familiarity has been hypothesized to affect identification abilities in younger participants. However, this has never been thoroughly tested. The aims of this study were to investigate patterns in odor familiarity differences between adolescents and adults, and to investigate if an adolescent familiarity-based modification of an identification test could lead to similar identification scores in adolescents and adults. In total, 411 adolescent participants and 320 adult participants were included in the study. Odor familiarity ratings were obtained for 125 odors. A modified version of the "Sniffin' Sticks" identification test was created and validated on 72 adolescents based on adolescent familiarity scores. This test was applied to 82 normosmic adults and 167 normosmic adolescents. Results show a lower familiarity for spices and environmental odors, and a higher familiarity for candy odors in adolescents. The identification abilities in adults and adolescents were equal after familiarity-based modification. We conclude that changes in odor familiarity from adolescence to adulthood do not develop evenly for all odors, but are dependent on odor-object category.
Introduction
Olfaction plays an inherent role in our perception of the world; however, its significance often is only acknowledged later in life. This is supported by the often delayed diagnosis of congenital anosmics (Qu et al. 2010 ) and by increased self-perceived significance of olfaction with increasing age (Oleszkiewicz et al. 2016b) . When compared with adults, the olfactory scores of children are significantly lower, including the ability to identify odors (Hummel et al. 2006 ). This ability gradually increases during childhood and adolescence, reaching its peak in young adulthood (Cameron and Doty 2013; Sorokowska et al. 2015) .
Normative data on olfactory identification abilities in adolescents are sparse. Most are based on olfactory tests that have been validated only in adult populations (Hummel et al. 2006; Hugh et al. 2015) . As the odor identification abilities in children and adolescents are inferior to that of adults (Sorokowska et al. 2015) , several studies have modified olfactory tests to be more applicable in younger populations, such as the modified 14-item "Sniffin' Kids" identification test (Schriever et al. 2014) , the candy test (Renner et al. 2009) , and the game-like " Smell wheel" odor identification test (Cameron and Doty 2013) .
While these studies have made great efforts in adapting to this young target population, there is still much to be learned in order to understand how odor identification abilities mature during adolescence. The role of verbal abilities has previously been highlighted as a driving factor in the development of odor knowledge and perception in children (Monnery-Patris et al. 2009 ). A recent study on olfactory performance in adolescents also found an age-related co-development of odor identification abilities and verbal fluency (Oleszkiewicz et al. 2016b ). The underlying mechanisms of how perceptual abilities affect the performance of adolescents in odor identification tests are still unknown. However, differences in odor familiarity have been mentioned as a possible confounder for lower olfactory identification scores in children and adolescents (Renner et al. 2009; Sorokowska et al. 2015) . This could offer insights to the development of olfactory perception; however, this has never been thoroughly tested in adolescents.
To investigate the role of odor familiarity in odor identification differences between adolescents and adults, we conducted 3 substudies in order to test 2 hypotheses; firstly we hypothesize that there is a difference in odor familiarity between adolescents and adults, secondly, we hypothesize that by reducing nonfamiliar descriptors in an identification test, adolescents and adults will obtain comparable identification test scores. The aim of study 1 was to evaluate if there is a difference in odor familiarity of odor-object groups between adolescents and adults. The aims of study 2 were to modify an olfactory identification test in accordance with adolescent odor familiarity ratings, and validate the test in an adolescent population. The aim of study 3 was to evaluate if adolescents were still inferior to adults in identification test performance if the identification test had been modified in accordance with adolescent's odor familiarity.
Materials and methods

Participants
Three steps were performed. A total of 731 participants were included in the 3 studies, of which 410 participated in the odor familiarity questionnaire study, and 321 underwent olfactory testing. The groups of participants were independent across studies. Characteristics for all participants are presented in Table 1 .
Study 1: analysis of developmental differences in odor familiarity In this study, 410 (172 adolescents) participants rated how familiar they were with common odor descriptors in a questionnaire, along with age, gender, subjective assessment of olfactory capacity, and ethnicity. Age was registered in intervals (12-15; 16-18; 19-29; 30-39; 40-49) . The questionnaire survey was conducted in 8 classes on 3 different elementary schools and a high school in different school districts in order to reduce the effects of socioeconomic status and related differences in food habits and odor familiarity on the results. The pupils had to rate their familiarity of 125 odor descriptors, including the original descriptors from the adult Sniffin' Sticks test. Adult participants (n = 238) were recruited through QR codes in public places and online. (Hummel et al. 1997) , resulting in a total of 249 participants.
Ethical considerations
The olfactory identification test studies were approved by the Danish Ethical Committee (Etisk komité, Central Denmark Region). Ethics approval was given for olfactory testing (1-10-72-337-13) . No approval from an ethical committee was required for the questionnaire according to Danish law (Komitéloven § 14, stk. 2.). Both studies were conducted in accordance with the Declaration of Helsinki ethical principles for medical research. Informed consent for participating in the olfactory identification test was given prior to enrolment by the participant, and for the participants under the legal age of 18 years, parents (custody holders) also gave informed consent.
Procedures
Study 1: analysis of developmental differences in odor familiarity Participants used a Likert-type scale to rate odor familiarity for 125 common odor descriptors. The Likert-type scale ranged from 1-5, with the following instruction to participants: On a scale from 1-5, please rate how familiar you are with the odor. 1) I would not be able to recognize the odor; 2) I do not think I would be able to recognize the odor; 3) Maybe I would be able to recognize the odor; 4) I think I would be able to recognize the odor; 5) I would be able to recognize the odor. The odorants included in the questionnaire were descriptors from the Sniffin' Sticks extended identification test, combined with other common food-related and environmental odor descriptors. The 125 odors were prospectively placed in 10 "odor object categories": environmental, candy, sweet foods, nuts, acrid foods, meat/fish, vegetables, alcohol, other foods, and spices/seasoning. The definition of categories and initial placement of odor in each category was made in collaboration with 2 chefs, followed by a validation of the placement of all odors in odor-object categories in a focus group of 12 adolescents (5 male). The odors of the 10 odor-object categories were equally distributed throughout the questionnaire to avoid differences in odor-object category scores due to attention bias. Data collection was made through a professional online questionnaire service (Survey-Xact.dk, Ramboll Management Consulting A/S, Denmark).
Study 2: adaptation and validation of Sniffin Sticks in an adolescent population
The SIT-16 contains 16 odorants in felt-tip-like devices. The test procedure for each odorant was initiated by informing the participant about the test procedure, including that they were allowed to sample each odorant twice before choosing a descriptor. Then the participant were instructed to read the 4 possible descriptors, subsequently, the experimenter removed the cap and placed the tip of the felt-tip pen 1-2 cm in front of both nostrils of the participant for 3-4 s. The participant then had to select the correct odorant between the 4 possible descriptors in a forced multiple-choice test. Each descriptor choice was registered and an identification score ranging from 0 to 16 was calculated (Kobal et al. 1996) . The modification process had 2 steps. Firstly, it was evaluated if the correct identification rate for all 16 odorants in a normosmic adolescent population reached the required 75% (Hummel et al. 1997) . Secondly, descriptors were modified from 2 criteria; all unfamiliar descriptors were altered to odor descriptors with a ≥75% familiarity rate. Additionally, in the modification of descriptors for odorants with a low familiarity rating, emphasis was put on pairing the less familiar odorant with highly familiar odor descriptors with a higher degree of contrast between descriptors (Fjaeldstad et al. 2015) .
Study 3: effects of adolescent Sniffin' Sticks modification on adult identification rates
The SIT16jr was applied to an adult and an adolescent population after modification of odorant descriptors based on adolescent's familiarity scores. The application procedures were identical to the described procedures in study 2.
Statistics
Results were analyzed with JMP 13 for Mac (SAS Institute Inc., NC, USA). For multiple comparisons of the prospectively defined primary aim of study 1, the alpha levels underwent Bonferroni adjustment (Moyé 2008) . For multiple comparison testing, the P values deemed significant were presented in conjunction with relevant statistics. For secondary endpoints and post hoc analysis, P values of <0.05 were considered statistically significant. Normal distribution was assessed using QQ-plots and Shapiro-Wilk W test. In parametric data, mean values were compared using the student's t-test, while nonparametric data were compared using the Cochran test, Wilcoxon rank-sum test, and Kruskal-Wallis test as appropriate. Fisher's Exact Test (FET) was used for contingency analysis. Degrees of freedom are written in subscript when indicated.
Results
Study 1: analysis of developmental differences in odor familiarity
In this study, participants rated how familiar they were with 125 common odors in a questionnaire (Table 2) . Each odor was included in 1 of the 10 predefined odor object categories, which in combination with age group were used to analyze familiarity differences between adolescents and adults (Table 3; Supplementary table) .
Age had a significant effect on rating odor familiarity. Adolescents (n = 172) rated the odor familiarity with a mean Likert-score of 3.74 (SD = 0.74), while adults (n = 238) had a mean Likert-score of 3.93 (SD = 0.62), (t 408 = 0.19, P = 0.0051, d Cohen = 0.282). Segmenting familiarity rating into the predefined odor object categories, allowed for comparison of perception of certain types of odors between adolescents and adults. Even though conservative measures were taken for the multiple comparison analysis of odor object categories, we found significant age-related differences in odors related to spices and seasoning as well as in environmental odors. Adolescents were more familiar with candy odors, although this was no longer regarded as significant after Bonferroni adjustment. In 3 odor-object categories, we found a null mean-familiarity difference, while the remaining 4 categories showed variation between adolescents and adults (Table 3) .
A distribution plot of mean familiarity between odor object categories revealed a reoccurring low-mean tail effect in the categories where adolescents are lacking behind the adult familiarity scores. This is observed for vegetables, acrid foods, environmental odors, and spices/seasoning (Figure 1 ). There were no significant differences in odor familiarity rating between genders (t 408 = 0.11, P = 0.26, d Cohen = 0.164) or ethnicity (t 408 = 0.19, P = 0.17, d Cohen = 0.039). Participants who described themselves as subjective hyposmic (n = 31) rated the odors as significantly less familiar compared with the subjectively normosmic participants (t 408 = −0.43, P = 0.0005, d Cohen = 0.652). The subjectively hyposmic adolescents and adult participants had an equally distributed lower mean score for both environmental and food-related odors. The only odorant descriptors hyposmic individuals rated equally high as normosmic individuals, were gasoline, cigarettes, fish, garlic, cinnamon, paint, and sweat. No odor descriptors were significantly lower in self-reported hyposmic individuals.
Study 2: evaluation and modification of Sniffin' Sticks in an adolescent population
In the normosmic adolescent evaluation group (n = 72), the mean Sniffin' Sticks identification test (SIT) score was 13.76 (SD = 1.50); with a male average of 13.77 (SD = 1.48), a female mean score of 13.76 (SD = 1.53), and no significant difference between male (n = 31) and female (n = 41) (z 70 = 0.076, P = 0.94, η 2 = 0.0001).
Hyposmic individuals were excluded prior to analysis (6 participants, 4 male). There were significant differences between the identification rates of the 16 odors (Q 15 = 138.68, P < 0.0001). Three odors were systematically identified as one of the false descriptors causing the identification rate to drop for the following odorants: coffee (74% correct), pineapple (67% correct), and apple (56% correct). The coffee odorant was systematically identified as the incorrect cigarette descriptor, and though coffee and cigarette odors are highly familiar to adolescents (Table 2) , the cigarette odor familiarity is significantly lower for adolescents than for adults (t 408 = 0.25, P = 0.0009, d = 0.025).
The pineapple odor was rated "familiar" or "highly familiar" by 72% of adolescents, which was significantly lower than the adult familiarity (t 408 = 0.49, P = < 0.0001). In combination with the option of pear as another sweet descriptor choice, which also had low familiarity in adolescents, only 67% of adolescents were able to correctly identify the pineapple odor.
The apple odor was also rated "familiar" or "highly familiar" by 72% of adolescents in the familiarity questionnaire; however, only 56% were able to correctly identify the apple descriptor in the evaluation group, where 36% falsely identified the odorant as strawberry.
From the odor familiarity study, we learned that several of the descriptors were unfamiliar to the adolescent population and the non-odorant descriptors were modified prior to study 3. Descriptors are regarded as familiar if the participant rated the odor "familiar" or "highly familiar" on the Likert scale. %/% = Adolescent familiarity in percent/ Adult familiarity in percent.
Furthermore, 7 of the Sniffin' Sticks odorants were unfamiliar in adolescents. Among all descriptors, only 68.8% were familiar for adolescents and 83.5% for adults. The correct descriptors of Sniffin' Sticks with unfamiliar odorants could not be modified. However, after modifying the test, the average familiarity score among the other odor descriptors were 82.9% for adolescents and 84.5% for adults.
Study 3: effects of adolescent Sniffin' Sticks modification on adult identification rates As normosmia was a requirement for participation (Identification score ≥11 (Hummel et al. 1997 ), equivalent to the 10th percentile in our data), 6 adolescents and 4 adults were excluded from the study. The mean identification score in the adult population (n = 82) was 14.41 (SD = 1.35), while the adolescent population (n = 167) had a mean identification score of 14.52 (SD = 1.28). Although adolescents had a higher mean identification score, this was not statistically significant (z 247 = 0.54, P = 0.5861, η 2 = 0.001). The only odorant where the identification rate was significantly dependent on age group was cinnamon (FET, P = 0.0022), where adolescents had a higher identification score than adults, as adolescents did not confuse the cinnamon odorant for the vanilla descriptor (3.6% error vs. 12.2% error in adults) or chocolate descriptor (2.4% error vs. 8.5% error in adults) (Figure 2) .
Female adolescents (n = 101) had slightly higher identification score (M = 14.65, SD = 1.18) than male adolescents (n = 66) (M = 14.32, SD = 1.41), although this did not reach statically significance (z 165 = 1.40, P = 0.1603, η 2 = 0.012).
Discussion
The main finding of this study was the existence of odor-object dependent changes in odor familiarity between adolescents and adults; adults had higher odor familiarity scores in spice-and environmental-related odors, while adolescents had a higher odor familiarity score for candy. When correcting for these findings in a modified odor identification test, adolescents had odor identification test scores comparable with adults.
Odor familiarity
By investigating the differences in odor familiarity between adolescents and adults, we identified significant differences in familiarity for certain odor object groups. Adolescents had significantly lower mean familiarity scores for spices/seasoning, environmental odors, and acrid foods, but a higher mean familiarity score for candy (Table 3 ). The distribution of the lower familiarity scores in the vegetable and acrid foods odor object groups revealed a tail pattern, where odors that were slightly less familiar in adults were highly unfamiliar in adolescents (Figure 1 ). Subjectively hyposmic individuals generally rated descriptors as less familiar, when compared with normosmic individuals. However, this did not apply for gasoline, cigarettes, fish, garlic, cinnamon, paint, and sweat, suggesting an important role of trigeminal sensation when interpreting differences in olfactory abilities (Frasnelli et al. 2007) . From the perspective of differentiating normosmics from hyposmics, we found that no odor descriptors were superior in discriminating self-reported hyposmia from normosmia.
Effects of familiarity in odor identification tests
The odor familiarity scores from study 1 were applied in the modification process of the SIT-16. Although some odorants in the SIT-16 were not familiar to adolescents, the data from the first 2 studies were used to create an olfactory identification test modified for adolescents. The unfamiliar false distractors were replaced, and unfamiliar odorant distractors were paired with highly familiar false distractors. Thus, while prior studies have compared identification scores of adolescents with those of adults by applying a test specifically validated for adults (Hummel et al. 2006; Schriever et al. 2014; Sorokowska et al. 2015) , we have turned the tables, and tested the 2 age groups with a test validated for adolescents. We found that in this setting, adolescents were not inferior to adults. Furthermore, the only odorant with a significant difference between age groups was cinnamon, where the adults mistook the odorant for the sweet-related scents of vanilla and chocolate-an error the adolescents were not prone to make.
As odor identification may be influenced by odor familiarity, this could have an effect in the olfactory tests applied in children and adolescents, where there is a high frequency of flower, environmental, and spice/herbal odorants and descriptors [see e.g., (MonneryPatris et al. 2009 ) or (Schriever et al. 2014) ]. Unlike our findings, where adolescents were not inferior to adults in odor identification, the presence of highly unfamiliar odorants and distractors are likely to cause an effect modification by age, as suggested previously in the literature (Sorokowska et al. 2015) . Our findings in adolescents are in line with the hypothesis that children may lack odor-specific knowledge which accumulates throughout life (Monnery-Patris et al. 2009 ).
Olfactory learning
We are only beginning to understand the link from perception through learning to correct identification of an odor. Though odors are potent triggers of autobiographical memories from as far back as the first decade of life (Arshamian et al. 2013 )-and in a way closely Figure 1 . Odor familiarity ratings in adolescents and adults. Graphs of the relations between odor familiarity in adolescents and adults for 6 odor object groups. Please notice the steep slope of the curve for candy and sweet food odors and the flat slope of the curve for spices and environmental odors, indicating a large difference in familiarity between odor-object groups. This figure is reproduced in color in the online version of this issue.
linked to memory-the ability to name odors is an acquired skill that takes years to master and requires both perceptual and verbal training (Castriota-Scanderbeg et al. 2005; Plailly et al. 2012) . For experts within a certain field, such as baristas or sommeliers, training and repeated exposure is key for improving this skill, however, they selectively become better at the smells they practise (Croijmans and Majid 2016) . This is in line with a previous study, where perceptual experience modified cortical odor perception (Li et al. 2006) . From this perspective, the age-related increasing significance of olfaction in adolescents (Oleszkiewicz et al. 2016b ) may be correlated with our findings of age-related improvements of odor familiarity. It may be hypothesized that the domain-specific findings in people who have undergone specific perceptual olfactory training (such as wine recognition in wine experts or chemical compound recognition in perfumers), may be more universal and that improvement of olfactory identification skills may simply mirror cumulative exposure of odorants. Studies of patients with olfactory disorders reveal sustainable improvements of odor identification after olfactory training (Konstantinidis et al. 2016) . The effects of training may be a result of plasticity in the olfactory bulb, which has been shown to have a high degree of neural plasticity (Huart et al. 2013) , or it may be caused by more central alterations of olfactory processing (Kollndorfer et al. 2015) . Though we cannot deduct the underlying neural mechanisms of development of odor familiarity, we conclude that the development of odor familiarity from adolescence to adulthood does not occur equally for all odors, but is dependent on odorobject category.
Implications for future research
Firstly, our findings call for considering odor familiarity when modifying an odor identification test for adolescents. Normally, before olfactory identification tests are implemented in a new language or cultural setting, they undergo modification and validation to ensure that the test is valid in the new target population. Thus, it is common practice to formally evaluate culturally based differences in odor familiarity and change descriptors accordingly (Yuan et al. 2010; Oleszkiewicz et al. 2016a ). However, when changing the target population to adolescents, previous studies have often not adjusted for the familiarity of descriptors (Monnery-Patris et al. 2009; Schriever et al. 2014; Sorokowska et al. 2015) . Secondly, odor familiarity seems to play a key role in the development of odor identification abilities. In the further studies of learning in olfaction, familiarity could be included as a covariate in order to gain further insight to the mechanisms and development of olfactory processing.
To our knowledge, this is the first study to investigate differences in odor familiarity between adolescence and adulthood. This may add a small piece to the puzzle in understanding the development of olfactory abilities in adolescents.
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